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The symbol on the cover of
this report was developed in
Washington State by a group
of state and federal agencies
working in cooperation with
a private real estate firm, Port
Blakely Mill Company. It is
available free of charge for
use in any program dealing
with wetland preservation
and enhancement. To date,
organizations in 33 states are
using the symbol. For more
information, contact:

Ellin Spenser

Port Blakely Mill Company
151 Madrone Lane North
Bainbridge Island, WA 98110

or call (206) 842-3088.
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FOREWORD

Extensive research efforts
have provided considerable
insight into the design,
operation and performance
of natural and constructed
wetlands treatment systems.

astewater treatment is a prob-
lem that has plagued man ever
since he discovered that

discharging his wastes into surface
waters can lead to many additional
environmental problems. The Clean
Water Act (P.L.92-500 passed in 1972
and its more recent amendments) led
to the construction of many new waste-
water treatment facilities across the
country to help control water pollution.
In the future add-on processes will be
needed to upgrade many of these treat-
ment facilities. In addition, more atten-
tion will need to be given to controlling
the many small volume, point sources as
well as the numerous non-point sources
of water pollution if the water quality
objectives of the Clean Water Act are
ever to be fully realized.

Today, a wide range of treatment tech-
nologies are available for use in our
efforts to restore and maintain the chem-
ical, physical, and biological integrity of
the nation’s waters. During the past 20
years, considerable interest has been
expressed in the potential use of a vari-
ety of natural biological systems to help
purify water in a controlled manner.
These natural biological treatment
systems include various forms of ponds,
land treatment and wetlands systems.
As a result of both extensive research
efforts and practical application of these
technologies, considerable insight has
been gained into their design, perform-
ance, operation and maintenance. Much
of this experience has been summarized
in project summaries, research reports,
technical papers and design guidance.

Some of the earliest investiga-
tions to explore the capabilities
of various wetland and other
aquatic plant systems to help
treat wastewater were under-
taken in various European coun- §
tries by Seidel, Kickuth, de Jong |
and others. Related studies were
eventually undertaken by Spangler,
Sloey, Small, Gersberg, Goldman,
Dinges, Wolverton, Reddy, Richardson
and others in numerous locations
across the U.S.

Kadlec, Odum and Ewel, Valiela,
Teal, and others have undertaken long-
term assessments of the capabilities of
several types of natural wetlands to
handle wastewater additions. Funding
provided by the National Science Foun-
dation, U.S. Department of the Interior,
National Aeronautics and Space
Administration, Environmental
Protection Agency, U.S. Army Corps
of Engineers, U.S. Department of
Agriculture and others has played an
important role in stimulating the devel-
opment of the available information ,
and guidance on constructed wetland
treatment systems in the U.S.

Generally EPA discourages the use
of natural wetlands for wastewater
treatment, unless carefully designed
and managed to protect their multi-
functional values. However, certain
wetlands may benefit from the timed
release of treated wastewater effluents,
such as drier and degraded wetlands.
Even though it is recognized that
wetlands provide water quality
improvement functions, these benefits
should not be traded at the expense of

C—094505

Intensive studies carried out for
over five years at Santee, CA,
evaluated the performance of
constructed wetlands experi-
mental units planted with

reeds, cattails, and bulrush.

Long-term observations and
studies of northern wetlands
receiving wastewater effluents
have followed the impact of
changes in nutrient loadings
and hydrology on vegetation
and wildlife use at projects
such as the Drummond Bog
in Northern Wisconsin.
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other wetland functions (i.e., habitat
value). When natural wetlands are used
for these purposes there is a need for:
monitoring to assure the maintenance of
the wetland system. . |

While it appears that many wetlands
have some capacity for improving water
quality of wastewater, runoff, or indus-
trial discharges, some wetlands are
clearly not appropriate for continuous
day-in/day-out use as a part of a waste-
water disposal or treatment system. The
potential for altering the biotic commu-
nities of natural wetlands when including
them in wastewater management is of
great concern to EPA and groups inter-
ested in preserving existing wetlands.

Constructed wetlands for wastewater
treatment involve the use of engineered
systems that are designed and construc-
ted to utilize natural processes. These
systems are designed to mimic natural
wetland systems, utilizing wetland plants,
soils and their associated microorgan-
isms to remove contaminants from
wastewater effluents. As with other
natural biological treatment technolo-
gies, wetlands treatment systems are
capable of achieving additional benefits.
The rengvation and reuse of wastewater
with constructed wetland systems
also provides an opportunity to success-
fully create or restore valuable wetland
habitat for wildlife use and environ-
mental enhancement.

Michael B. Cook, Director
Office of Wastewater Management

iv

The operational experience and
research results reported in the available
literature suggest that the growing inter-
est in the use of constructed wetlands as
a part of water treatment offers consid-
erable opportunity for realizing sizable
future savings in wastewater treatment
costs for small communities and for
upgrading even large treatment facilities.
At the same time, as is demonstrated by
the 17 wetland treatment system case
studies located in 10 states that are
presented in this document, these
systems can provide valuable wetland
habitat for waterfowl and other wildlife,
as well as areas for public education and
recreation. Clearly such systems create
an opportunity to contribute to the
Nation’s efforts to restore, maintain and
create valuable wetland habitat.

Robert H. Wayland I11, Director
Office of Wetlands, Oceans
and Watersheds

C—094506

Constructed wetlands are
being effectively used to help
protect the quality of urban
lakes by improving the
quality of stormwater runoff
in urban areas such as at the
Greenwood Urban Wetland,
a former dump site, in
Orlando, Florida.
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Constructed Wetlands for .

Wastewater Treatment and Wildlife Habitat:

17 Case Studies

Many of the same values
associated with natural
wetlands can also be realized
by wetlands constructed for
wastewater polishing.

Introduction

The potential for achieving improved
water quality while creating valuable
wildlife habitat has lead to a growing
interest in the use of constructed
wetlands for treating and recycling
wastewater. While land intensive, these
systems offer an effective means of
integrating wastewater treatment and
resource enhancement, often at a cost
that is competitive with conventional
wastewater treatment alternatives. This
document provides brief descriptions
of 17 wetland treatment systems from
across the country that are providing
significant water quality bénefits while
demonstrating additional benefits such
as wildlife habitat. The projects

. described include systems involving
"both constructed and natural wetlands,
habitat creation and restoration, and
the improvement of municipal effluent,
urban stormwater and river water
quality. Each project description was
developed by individuals directly
involved with or very familiar with the
project in a format that could also be
used as a stand-alone brochure or
handout for project visitors.
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Background

- Natural wetlands (e.g., swamps, bogs,
marshes, fens, sloughs, etc.) are being .
recognized as providing many benefits,
including: food and habitat for wildlife;
water quality improvement; flood pro-
tection; shoreline erosion control; and
opportunities for recreation and aesthe-
tic appreciation. Many of these same
benefits have been realized by projects
across the country that involve the use
of wetlands in wastewater treatment.

Many freshwater, brackish, and salt-
water wetlands have inadvertently
received polluted runoff and served as
natural water treatment systems for
centuries. Wetlands, as waters of the
U.S., have been subjected to wastewater
discharges from municipal, industrial
and agricultural sources, and have
received agricultural and surface mine
runoff, irrigation return flows, urban
stormwater discharges, leachates, and
other sources of water pollution. The
actual impacts of such inputs on dif-
ferent wetlands has been quite variable.

However, it has only been during the
past few decades that the planned use of
wetlands for meeting wastewater treat-
ment and water quality objectives has
been seriously studied and implemented
in a controlled manner. The functional
role of wetlands in improving water ‘
quality has been a compelling argument
for the preservation of natural wetlands
and in recent years the construction of
wetlands systems for wastewater treat-
ment. A growing number of studies have
provided evidence that many wetlands
systems are able to provide an effective

2

In the Southeast alone, over
500 natural wetlands such
as this cyprus strand in
Florida receive discharges

" from POTWs and other
point sources.

means of improving water quality with-
out creating problems for wildlife.
However, in some cases evidence has
shown a resulting change in wetland
community types and a shift to more
opportunistic species.

There remain, however, concerns
over the possibility of harmful effects
resulting from toxic materials and
pathogens that may be present in many
wastewater sources. Also, there are

- concerns that there may be a potential

for long-term degradation of natural
wetlands due to the addition of nutri-
ents and changes in the natural hydro-
logic conditions influencing these
systems. At least in part due to such
concerns, there has been a growing
interest in the use of constructed
wetlands for wastewater treatment.

C—094508
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Constructed wetlands treatment
systems are engineered systems that
have been designed and constructed to

-utilize the natural processes involving
wetland vegetation, soils, and their
associated microbial assemblages to
assist in treating wastewater. They are
designed to take advantage of many of
the same processes that occur in natural
wetlands, but do so within a more
controlled environment. Some of these
systems have been designed and oper-
ated with the sole purpose of treating
wastewater, while others have been
implemented with multiple-use objec-
tives in mind, such as using treated
wastewater effluent as a water source
for the creation and restoration of
wetland habitat for wildlife use and
environmental enhancement.

Constructed wetlands treatment
systems generally fall into one of two
general categories: Subsurface Flow
Systems and Free Water Surface
Systems. Subsurface Flow Systems are
designed to create subsurface flow
through a permeable medium, keeping
the water being treated below the
surface, thereby helping to avoid the
development of odors and other
nuisance problems. Such systems have
also been referred to as “root-zone
systems,” “rock-reed-filters,” and
“vegetated submerged bed systems.”
The media used (typically soil, sand,
gravel or crushed rock) greatly affect
the hydraulics of the system. Free Water
Surface Systems, on the other hand, are
designed to simulate natural wetlands,
with the water flowing over the soil

A recently expanded
Subsurface Flow constructed
wetland system serves the
small community of Monterey
in Highland Co., Virginia.

surface at shallow depths. Both types of
wetlands treatment systems typically
are constructed in basins or channels
with a natural or constructed subsurface
barrier to limit seepage.

Constructed wetlands treatment
systems have diverse applications and
are found across the country and
around the world. While they can be
designed to accomplish a variety of
treatment objectives, for the most part,
Subsurface Flow Systems are designed
and operated in a manner that provides
limited opportunity for benefits other
than.water quality improvement. On
the other hand, Free Water Surface
Systems are frequently designed to
maximize wetland habitat values and
reuse opportunities, while providing
water quality improvement.

C—0945009
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Free Water Surface
Constructed Wetlands
Systems

Just how do constructed wetlands, in
this case free water surface systems,
remove pollutants from the wastewater
effluent? These systems affect water
quality through a variety of natural
processes that occur in wetlands. An
explanation of the major processes
involved are effectively described by
Robert A. Gearheart in a paper contained |
in the proceedings of a conference on
wetlands for wastewater treatment and
resource enhancement at Humbolt State
University in Arcata, CA, during 1988

1 Allen, G.H. and R.A. Gearheart (eds). 1988.
Proceedings of a Conference on Wetlands for
Wastewater Treatment and Resource Enhance-
ment. Humbolt State Univ., Arcata, CA.

“The wide diversity of organisms coupled with
the high level of productivity makes a marsh a hot
bed of biological activity. The most striking
improvement is the removal of suspended solids.
Suspended solids in the Arcata STP are algae
which supply oxygen in their secondary treatment
ponds. These algae solids become entrapped,
impacted, and isolated in small quiescent areas
around the stems and underwater portions of
aquatic plants as the water moves through
marshes. The algal solids in these quiescent areas
become food sources for microscopic aquatic
animals and aquatic insects. This predation plays
an important part in removing the solids and in
moving energy through the food chain in the
wetland. Over time, wetlands continue to separate
and deposit suspended solids building deltas
comprised of organic matter. At some point this
detrital layer in the bottom of the marsh along
with dead aquatic plants may need to be removed.
Based on Arcata’s experience this maintenance
requirement is not expected until at least 8-10
years of operation at design loads.

Dissolved biodegradable material is removed
Jrom the wastewater by decomposing microorgan-
isms which are living on the exposed surfaces of

4

the aquatic plants and soils. Decomposers such
as bacteria, fungi, and actinomycetes are active
in any wetland by breaking down this dissolved
and particulate organic material to carbon
dioxide and water. This active decomposition
in the wetland produces final effluents with a
characteristic low dissolved oxygen level with
low pH in the water. The effluent from a
constructed wetland usually has a low BOD as
a result of this high level of decomposition.

Aquatic plants play an important part in
supporting these removal processes. Certain
aquatic plants pump atmospheric oxygen into
their submerged stems, roots, and tubers. Oxygen
is then utilized by the microbial decomposers
attached to the aquatic plants below the level of
the water. Plants also play an active role in taking
up nitrogen, phosphorus, and other compounds
Jrom the wastewater. This active incorporation of
nitrogen and phosphorus can be one mechanism
Jfor nutrient removal in a wetland. Some of the
nitrogen and phosphorus is released back into the
water as the plants die and decompose. In the case
of nitrogen much of the nitrate nitrogen can be
converted to nitrogen gas through denitrification
processes in the wetland.”

C—09
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Free Water Surface constructed
wetlands treatment systems and related
natural systems used as a part of treat-
ment systems have been successfully
used across the country. Many of these
systems have been designed and oper-
ated to not only improve water quality,
but to also provide high quality wetland
habitat for waterfowl and other wildlife.
Many of the systems are operated as
wildlife refuges or parks as well as a
part of wastewater treatment, reuse or
disposal systems. In some cases these

. systems also provide an area for public
education and recreation in the form of
birding, hiking, camping, hunting, etc.

The operational experience and
research results reported to date
suggest that the growing interest in
managing constructed wetlands systems
as a part of wastewater treatment and
habitat creation/maintenance efforts
offers considerable opportunities for the
future. The technical feasibility of
implementing such projects has been
clearly demonstrated by full-scale
systems in various parts of the country.
However, it is also clear that there is still
a long way to go before such systems
will be considered for routine use. While
existing projects have demonstrated the
potential for future use of constructed
wetlands systems, there is an obvious
need for further study to improve our
understanding of the internal compo-
nents of these systems, their responses
and interactions, in order to allow for
more optimum project design, operation
and maintenance.

C—094511

U.S. Bureau of Reclamation/
Eastern Municipal Water
District Wetlands Research
Facility, San Jacinto,
California. This site is a
popular spot for local schools
fo tour and study wetlands
ecology. One of the multi-
purpose elements of the
project is public education
and recreation.
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Case Studies

Descriptions of 17 carefully selected
projects located in 10 states (see Figure
1) are provided that help describe the
full range of opportunity to treat and
reuse wastewater effluents that exist
across the country today. They include
systems involving both constructed and
natural wetlands, habitat creation and
restoration, and the improvement of
municipal wastewater effluents, urban
stormwater and river water quality.
Many of the projects received Construc-
tion Grants funding and several were
built on Federal lands. All experience
extensive wildlife usage, some providing
critical refuge for rare plants and
animals. Several are relatively new
projects while others have been operat-
ing for 15-20 years. There are projects
involving as few as 15 acres and several
with more than 1,200 acres of wetland
habitat. Among those described in this
document are projects which have
received major awards such as the ASCE
Award of Engineering Excellence, the
ACEC Grand Conceptor Award, and
the Council Award, the ESA Special
Recognition Award, and the Ford
Foundation Award for Innovation in
a Local Government Project.

The case studies demonstrate that
wastewater can be effectively treated,
reused and recycled with free water
surface wetland systems in an environ-
mentally sensitive way. They also
demonstrate that wastewater treatment
and disposal can be effectively integrated
into recreational, educational, and
wildlife habitat creation/wetland
restoration efforts so as to enhance the
value of a city’s capital investment in
wastewater treatment facilities. Greater
recognition of these model projects may
help lead to projects of high quality
being developed in the future.

6

OREGON: .
Hilisboro (Jackson Bottom Wetlands Preserve)

* natural bottomland/15 acres constructed wetlands
» polishes/reuses secondary effluent

¢ wildlife enhancement, research, water quality
improvement, public recreation and education

OREGON:

Cannon Beach

* natural alder/spruce/sedge wetlands (15 acres)
¢ polishes pond effluent (0.68 mgd)

* June thru Oct operation since 1984

CALIFORNIA:

Arcata Marsh and Wildlife Sanctuary

* polishes/reuses secondary effluent 2.3 mgd

* 7.5 acres treatment wetland; 31 acres refuge;
plus pond, tidal sloughs and estuary habitat

* managed as wildlife sanctuary for wildlife use,
research and extensive public use

* Ford Foundation award for innovation in 1987

e polishes/reuses secondary effluent (2.9 mgd)

CALIFORNIA:
Marin Co. (Las Gallinas Valley Sanitary Dist.)
» constructed wetlands for habitat enhancement

* 20 acres wildlife marsh; 40 acres ponds;
200 acres pasture (summer irrigation)

¢ operational since 1984; no summer discharge

CALIFORNIA:

Hayward Marsh (Union Sanitary Dist.)

¢ constructed wetlands for habitat creation
¢ restoration of historical wetlands area

¢ secondary efiluent and stormwater reuse

® 172 acres of fresh & brackish marshes part of
a 400 acre marsh restoration effort

CALIFORNIA:
Martinez (Mt. View Sanitary Dist)

* 85 acres constructed wetlands created for habitat value

¢ restoration of historical wetlands area
o polishes/reuses secondary effiuent (1.3 mgd)
* staged wetlands construction since 1974

NEVADA:
Incline Village
e constructed (total evaporative) wetlands

*» polishing/disposal of secondary effluent (3.0 mgd from Lake Tahoe Basin)
» 390 acres of non-discharging wetlands; 770 acre project site also includes

some existing warmwater wetlands and 200 acres of uplands

¢ operational since late 1984

C—094512
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Figure 1.

Location and Characteristics of

17 Free Water Surface System

Success Stories

ILLINOIS:
Des Plaines River

¢ constructed wetlands w/450 acres
riparian land

* demo of improving river water quality
¢ incorporates 2.8 miles of river drainage

e private and government sponsored demo
¢ ESA Special Recognition Award 1993

= drainage area 80% agricuitural, 20% urban’

MICHIGAN:
Houghton Lake

only)
* 16 years of May-Sept operation

* ASCE Award of Engineering
Excellence 1977

¢ natural peatland wetlands (1,500 acres)
¢ polishes pond effluent (2.6 mgd summer

MICHIGAN:

Vermontville

* polishes pond effluent (0.1 mgd)

* 11.5 acres wetlands self established
» continuous operation for 19+ yrs.

ARIZONA:

Show Low, AZ
(Pintail Lake/Redhead Marsh)

Pinetop/Lakeside, AZ
(Jacques Marsh)

e Show Low effluent (1.42 mgd) currently supports 201 acres of ponds
and constructed marshes (total evaporative wetlands)

* Pinetop/Lakeside effluent (2 mgd) currently supports 127 acres of
ponds and constructed marshes (total evaporative wetlands)

¢ polishing/disposal of secondary effluent

¢ habitat creation on National Forest lands

¢ initiated in 1970; expanded in 1977, 1978, 1980 and 1985
* managed as wildlife habitat and for public use

PR

SOUTH CAROLINA:
Grand Strand, SC {Carolina Bays)

¢ natural pocosin wetlands (702 acres); mostly
previously disturbed

¢ polishes/reuses secondary effluent (2.5 mgd)
e wetlands managed as Nature Park

» critical refuge for rare plants and animals

¢ ACEC Grand Conceptor Award 1991

ALABAMA:

Fort Deposit

e constructed treatment wetlands (15 acres)
e polishes pond effluent (0.24 mgd)

* ACEC Grand Award 1992

MISSISSIPPI:
West Jackson County
e constructed treatment wetlands (56 acres)

* polishes pond effluent; 1.6 mgd w/additional
rainwater input (2.6 mgd total)

FLORIDA:

Orlando Easterly Wetlands
Reclamation Project

¢ 1,220 acres of constructed wetlands habitat
« restoration of historical wetlands area

¢ polishes/reuses 20 mgd AWT effluent

¢ operational since 1987

¢ ASCE Award of Engineering Excelience 1988

FLORIDA:

Lakeland

¢ polishes/reuses secondary effluent (14 mgd)
¢ mixed with power plant blow down water

e restoration of abandoned phosphate mines
¢ 1,400 acres constructed wetlands habitat

¢ operational since 1987

C—094513
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Houghton Lake, MI, wetland treatment system which has
been in operation since 1978.
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BACKGROUND

arolina bays are mysterious land
features often filled with bay
trees and other wetland vegeta-
tion. Because of their oval shape and
consistent orientation, they are consid-
ered by some authorities to be the result
of a vast meteor shower that occurred
- thousands of years ago. Others think the
natural forces of wind and artesian
water flow caused the formation of
lakes, which later filled with vegetation.
Whatever their origin, over 500,000
~ of these shallow basins dot the coastal
plain from Georgia to Delaware. Many
of them occur in the Carolinas, which
accounts for their name. Most Carolina
bays are swampy or wet areas, and most
of the hundreds present in coastal
Horry County, South Carolina, are
nearly impenetrable jungles of vines
and shrubs.
Because of population growth and
increased tourism in Horry County,

expansion of essential utility operations .

was required. The regional water
utility, the Grand Strand Water &
Sewer Authority (GSWSA), retained
CH2M HILL in the late 1970s to
evaluate wastewater treatment and
disposal options.

Locations to dispose of additional
effluent were extremely limited because
of sensitive environmental and recre-
ational concerns. The slow-moving
Waccamaw River and Intracoastal
Waterway, into which existing facilities
discharged, could not assimilate addi-
tional loading without adverse effects on
water quality and resulting impacts on
tourism and recreational activities.

12

. On the basis of extensive research

-and pilot studies, CH2M HILL recom-

mended discharging effluent from a
new 2.5 million gallon per day (mgd)

‘wastewater treatment plant to four

nearby Carolina bays.

The U.S. Environmental Protection
Agency (EPA) considers the use of
wetlands to be an emerging alternative
to conventional treatment processes. As
a result, EPA Region IV and the South
Carolina Department of Health and
Environmental Control awarded an
Innovative /Alternative Technologies
funding grant for the Carolina bays
treatment project, enabling GSWSA to
provide expanded collection, treatment,
and disposal services at affordable costs. I cross section, Carolina bays

This grant was used for planning, are shallow, bowl-shaped
pilot testing, design, and construction depressions, often filled with
of the full-scale Carolina Bay Natural peat and surrounded by
Land Treatment Program. sandy rims. '

Pocosin Bay

(Bay 4-C) Bear Bay

Land Surface (Bay 4-D)

Open
Water
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SITE DESCRIPTION

fter 5 years of intensive study

to evaluate viable treatment

and disposal alternatives, four
Carolina bays were selected as treat-
ment sites. Site selection criteria
focused on three primary factors:
1) distance from the wastewater source,
2) available treatment area, and
3) environmental sensitivity. The bays
chosen for the GSWSA treatment
complex had been previously affected
by man and were the least environmen-
tally sensitive of the bays considered. |

Carolina Bays 4-A and 4-B are
joined along a portion of their margins
and encompass about 390 acres of
dense, shrubby plant communities with
scattered pine trees. This plant associa-
tion is called. "pocosin" after an Indian
word describing a bog on a hill. A
powerline right-of-way bisects Bay 4-A
and also cuts through the southern
end of Bay 4-B. ~
The 240-acre Pocosin Bay (Bay 4-C)

is also dominated by pocosin vegetation
and is filled with up to 15 feet of highly
organic peat soils. This bay had received
the least amount of prior disturbance
and is being used only as a contingency
discharge area. Bear Bay (Bay 4-D)
covers 170 acres and is dissimilar from
the other bays because it is densely
forested by pine and hardwood tree
species. A large portion of this Carolina
bay was cleared for forestry purposes in
the mid-1970s but has since been reveg-
etated with a mixture of upland and
wetland plant species.

Carolina Bay Project Summary

" George R. Vereen WWTP

Design flow = 2.5 mgd
Pretreatment by aerated lagoons in
two parallel trains, one completely
suspended lagoon and three
- partially suspended lagoons per train
Lagoon total area = 4.4 acres
Total aeration = 192 hp
Disinfection by contact chlorination

Carolina Bays
Average hydraulic loading rate = 1 in./week

Effluent distribution system
7,000 feet of 10-inch aluminum piping
30,000 feet of elevated boardwalks

Final effluent permit limits

BOD5 monthly average 12 mg/i
TSS monthly average 30 mg/I
NH3 summer (Mar-Oct) 1.2 mg/l
NH3 winter (Nov-Feb) 5.0 mg/I
UOD summer (Mar-Oct) 481 Ib/day
UOD winter (Nov-Feb) 844 lb/day

Total treatment area = 702 acres
Bay 4A
combined = 390 acres
" Bay 4B }
Bay 4C (Pocosin Bay) = 142 acres
Bay 4D (Bear Bay) = 170 acres

Biological criteria (allowable % change)

Bay

4A 4B 4C 4D

. Canepy cover 15 15 0 &0

Canopydensity 15 15 0 50

. Subcanopy cover 156 15 0 50

Plant diversity 15 15 0 &0

Project Cost Summary

Pilot system......cvvvuiiiinnnnnn.. $411,000

Vereen WWTP..c..coovvivvnenn.. 3,587,000
Effluent distribution system

(including land) . ...coovnvennt 2,490,000

Engineering (pilot and
full scale) and monitoring .. ... 1,332,000

Total COSEt vvvviviiirieenninennnn, $7,820,000
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Four bays covering 700 acres
make up the Carolina Bay
Natural Land Treatment
System. Plant succession in
these bays is naturally
‘controlled by fire as seen in
Bay 4B (second from left).
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OPERATIONS AND
MANAGEMENT

he carefully planned and moni-

tored use of Carolina bays for

tertiary wastewater treatment
facilitates surface water quality manage-
ment while maintaining the natural
character of the bays.

After undergoing conventional
primary and secondary treatment pro-
cesses at the George R. Vereen Waste-
water Treatment Plant, the wastewater
is slowly released into a Carolina bay for
tertiary treatment, rather than directly
to recreational surface waters of the
area. The plants found in the Carolina
bays are naturally adapted to wet -
conditions, so the addition of a small
amount of treated water increases their
productivity and, in the process, provides
final purification of the wastewater.

The treated effluent can be distrib-
uted to 700 acres within the four
selected Carolina bays through a series
of gated aluminum pipes supported on
wooden boardwalks. Wastewater flow is
alternated among the bays, depending
on effluent flow rate and biological
conditions in the bays.

Water levels and outflow rates can
be partially controlled in Bear Bay
through the use of an adjustable weir
gate. Natural surface outlets in the
other three bays were not altered by
construction of the project.

14
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High-nutrient water in
the bays increases plant
productivity.

Aluminum pipes distribute
the treated effluent.
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PERFORMANCE

completed and before wastewater

distribution began, baseline studies
were conducted on the hydrology,
surface water, and groundwater quality
and flora and fauna of Bear Bay.
Treated effluent was first discharged to

' n 1985, after site selection was

the bay in January 1987, and monitoring.

was continued to measure variations
in the water quality and biological
communities. By March 1988, the pilot
study had been successfully completed
and the Carolina Bay Natural Land
Treatment Program was approved for
full-scale implementation by EPA and
South Carolina regulatory agencies.

In October 1990, the Carolina Bay
Natural Land Treatment System was
- dedicated as the Peter Horry Wildlife
Preserve and began serving the
wastewater treatment and disposal
needs of up to 30,000 people.

Ongoing monitoring indicates that
significant assimilation is occurring in
Bear Bay before the fully treated
effluent recharges local groundwater
or flows into downstream surface
waters. Biological changes have been
carefully monitored, with the main
observed effect being increased growth
of native wetland plant species.

Variations in the water quality of
~ Bear Bay are closely monitored.

20

A nfow
V 57 Outflow |
g 15 = :
£
o
8
® 10
T
[9]
2
8 s
0 5 E 8 s = »W
BOD5 TSS NO3 + NO:z TN TP

Operational water quality since 1987 indicates significant
assimilation of residual pollutants is occurring in Bear Bay.

Tree
Cover

(T

a

30% Decline 3|

50% Decline 2_'

October October November November November
1986 1987 1988 1989 1980

Compliance with biological criteria protects the Carolina Bay

plant communities from undesirable changes.

Edge of Bay 4-D
B /(Bear Bay)

. Abandoned
- Force Main -

Well 68 / \)ngmal !

Distribution 7
System

Vereen
WWTP

Well 58

well 73\ F
co- NW-SE
\/ Transect

AN
weligs - @

Bear
Bay

Inflow”
. Quiflow
Qutflow
Weir
Originat

Outflow
Structure

LEGEND

A Surface Water M - - ScaleinFeet
® Groundwater N 0 T

C—094521

C-094521



ANCILLARY BENEFITS

he Carolina Bay Natural Land
Treatment Program not only
serves wastewater management
needs but also plays an important role
in protecting the environment.
Although the Carolina bays have been
recognized as unique, 98 percent of the
bays in South Carolina have been
- disturbed by agricultural activities and
ditching. The four bays in the treatment
program will be maintained in a natural
ecological condition. These 700 acres of
Carolina bays represent one of the
largest public holdings of bays in
South Carolina. '

The use of wetlands for treatment
can significantly lower the cost of waste-
water treatment because the systems
rely on plant and animal growth instead
of the addition of power or chemicals.
Also, the plant communities present
in the wetlands naturally adjust to
changing water levels and water quality
conditions by shifting dominance to
those species best adapted to growing
under the new conditions.

Carolina bays provide a critical refuge
for rare plants and animals. Amazingly,

.black bears still roam the bays’ shrub
thickets and forested bottom lands just
a few miles from the thousands of
tourists on South Carolina’s beaches.
Venus flytraps and pitcher plants,
fascinating carnivorous plants that trap
trespassing insects, occur naturally in
the Carolina bays. In addition, the
bays are home to hundreds of other
interesting plant and animal species.

The Carolina Bay Nature Park, to be
managed by GSWSA, is currently being

16

C—094522

Wetland plant communities
easily adjust to changing
conditions.

Pitcher plants occur naturally
in the Carolina bays.
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be an interpretive visitor center open to
the public. This simple structure will be
designed and built in harmony with its
surroundings on a sand ridge overlook-
ing two Carolina bays. The center will
feature displays about black bears and
Venus flytraps as well as theories on the
origin of the Carolina bays, their native
plant associations, including the associ- -
ated sandhill plant communities, and
their use for natural land treatment.

The visitor center will be the hub for
three hiking trails, including a 5S-minute
walk through an adjacent cypress

planned. The focal pbint of the park will

wetland; a 45-minute trail though
Pocosin Bay and associated titi shrub
swamp and long-leaf pine uplands; and
a one-hour walk through a heavily
forested Carolina bay and its adjacent
sandhill plant communities.

Combined with the interpretive
nature center, the hiking trails and
boardwalks will provide public access,
scientific research, and educational
opportunities that were previously
unavailable.

The designation of the Peter Horry
Wildlife Preserve in October 1990 was
the first step in establishing this park.

An interpretive visitor center is
planned as the focal point of
the Carolina Bay Nature Park.

>
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Awards

In 1991, the Carolina Bay Natural
Land Treatment Program won the
Engineering Excellence Award, Best of
Show, from the Consulting Engineers
of South Carolina.

The American Consulting Engineers
Council (ACEC) Grand Conceptor
Award, considered the highest national
honor in the consulting engineering
field, was awarded to CH2M HILL
in 1991 for its implementation of the
Carolina bays project. ACEC selected
the project from a field of 127 national
finalist entries, each of which had earlier
won in state or regional engineering
excellence competitions.
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SYSTEM DESCRIPTION

The community of Houghton
Lake, located in the central lower
peninsula of Michigan, has a
seasonally variable population, averag-
ing approximately 5,000. A sewage
treatment plant was built in the early
1970’ to protect the large shallow
recreational lake. This treatment facility
is operated by the Houghton Lake
Sewer Authority (HLSA). Wastewater
from this residential community is
collected and transported to two 5-acre
aerated lagoons, which provide six
weeks detention. Sludge accumulates
on the bottom of these lagoons, below
the aeration pipes. Effluent is then
stored in a 29-acre pond for summer
disposal, resulting in depth variation
from 1.5 feet (fall) to 10.0 feet (spring).
Discharge can be to 85 acres of seepage
beds, or to 85 acres of flood irrigation
area, or to a 1500 acre peatland. The
seepage beds were used until 1978, at
which time the wetland system was
started up. The wetland has been used
since that time, with only occasional
discharges to seepage or flood fields.
The average annual discharge is
approximately 120 million gallons.
Secondary wastewater is intermittently
discharged to the peatland during May
through September, at the instanta-
neous rate of 2.6 mgd.

Provisions for chlorination are
available, but have not been used,
because of low levels of fecal coliform
indicator organisms. Water from the
holding pond is passed by gravity or
~ pumped to a 3-acre pond which would
provide chlorine removal in the event

20

of the necessity of
its use. Wastewater
from this pond is
pumped through a
12-inch diameter
underground force
line to the edge of
the Porter Ranch .
peatland. There the transfer line
surfaces and runs along a raised plat-
form for a distance of 2,500 feet to the
discharge area in the wetland. The
wastewater may be split between two
halves of the discharge pipe which runs

The original leatherleaf-bog
community also had sedge
and willow vegetation in
small proportions, and very
low abundance of cattail.

. 1,600 feet in each direction. The water

is distributed across the width of the
peatland through small gated openings
in the discharge pipe. Each of the

100 gates discharge approximately

16 gallons per minute, under typical
conditions, and the water spreads
slowly over the peatland. The branches
are not used equally in all years.

The peatland irrigation site originally
supported two distinct vegetation types.
One called the sedge-willow community
included predominantly sedges (Carex
spp.) and Willows (Salix spp.). The
second community was leatherleaf-bog
birch, consisting of mostly Chamae-
daphne calyculata (L.) Moench and
Betula pumila L., respectively. The
leatherleaf-bog birch community also
had sedge and willow vegetation, but
only in small proportions. The edge of
the peatland contained alder (Alnus
spp.) and willow. Standing water was
usually present in spring and fall, but
the wetland had no surface water during
dry summers. The leatherleaf-bog birch
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cover type generally had less standing
water than the sedge-willow cover type.
Soil in the sedge-willow community was
3-5 feet of highly decomposed sedge
peat; while in the leatherleaf-bog there
is 6-15 feet of medium decomposition
sphagnum peat. The entire wetland
rests on a clay “pan” several feet thick.
The wetland provides additional
treatment to the wastewater as it
progresses eventually to the Muskegon
River eight miles away. Small, natural
water inflows occur intermittently on
the north and east margins of the
wetland. These flows are partially
controlled by beaver. Interior flow in
the wetland occurs by overland flow,
proceeding from north-

absence of agriculture and industry in
the community. Phosphorus and nitro-
gen are present at 3-10 ppm, mostly as
orthophosphate and ammonium. BOD
is about 15 ppm, and solids are about
20 ppm. Typical levels of chloride are
100 ppm, pH 8, and conductivity 700
mmho/cm. The character of the water
is dramatically altered in its passage
through the wetland. After passage
through ten percent of the wetland,
water quality parameters are at back-
ground wetland levels. The system has
operated successfully in the treatment
of 1900 million gallons of secondary
wastewater over the first sixteen years.

east down a 0.02%

gradient to a stream
outlet (Deadhorse Dam)
and beaver dam seepage
outflow (Beaver Creek),
both located 2-3 miles
from the discharge
(Figure 1.) Wastewater
adds to the surface sheet
flow. Hydrogeological
studies have shown that
there is neither recharge
or discharge of the
shallow ground water
under the wetland.

The treated waste-
water arriving at the
peatland is a good
effluent which contains
virtually no heavy metals
or refractory chemicals.
This is due to the

@ E11

Highway 55

Highway 27

Figure 1

 The wetland treatment site

is located southwest of the
lake. The land belongs to the
State of Michigan and is
dedicated to public and
research uses. Dots indicate
water monitoring stations..

C—094527
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HISTORY

he Porter Ranch peatland has

been under study from 1970 to

the present. Studies of the
background status of the wetland were
conducted during the period 1970-74,
under the sponsorship of the Rocke-
feller Foundation and the National
Science Foundation (NSF). The natutal
peatland, and 6m x 6m plots irrigated
with simulated effluent, were studied
by an interdisciplinary team from The
University of Michigan. This work gave
strong indications that water quality
improvements would result from
wetland processes.

Subsequently, pilot scale (100,000
gal/day) wastewater irrigation was
conducted for the three years 1975-77.
This system was designed, built and
operated by the Wetland Ecosystem
Research Group at The University of
Michigan. NSF sponsored this effort,
including construction costs and
research costs. The pilot study results
provided the basis for agency
approval of the fullscale wetland
discharge system.

The full scale system was designed
jointly by Williams and Works, Inc.
and the Wetland Ecosystem Research
Group at The University of Michigan.
Construction occurred during winter
and spring, 1978, and the first water
discharge was made in July, 1978.
Compliance monitoring has been
supplemented by full scale ecosystem
studies, spanning 1978 to present, which
have focussed on all aspects of water
quality improvement and wetland
response. Those studies have been

22

sponsored by NSF, and in major part by
the Houghton Lake Sewer Authority.
This wetland treatment system has
functioned extremely well for nutrient
removal over its sixteen year history.
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HYDROLOGY

n average, most of the

water added to the

wetland finds its way to
the stream outflows. But in
drought years, most of the water
evaporates; and in wet years,
rainfall creates additions to flow.
During most of the drought
summers of 1987 and 1988, all
the pumped water evaporated in

the wetland.
Water flow is strongly depth

dependent, because litter and
vegetation resistance is the hydrologic
control. Doubling the depth causes a
ten-fold increase in volume flow. There-
fore, when the pump is turned on, water
depths rise only an inch or two. For
similar reasons, a large rainstorm does
not flood the peatland to great depths.

There are no man-made outlet control
structures, but both man and beaver
have relocated the points of outflow, via
culvert and dam placements. Inflows at
E1 and E2 have ceased (see Figure 1).
The point of principal stream outflow
has changed from E8 to E9; and E9 has
been relocated three times, twice by
beaver and once by man.

The soil elevations in the discharge
area were originally extremely flat, with
a gentle slope (one foot per mile)
toward the outlet. There has developed
a significant accumulation of sediment
and litter in the irrigation area, which
has the effect of an increased soil eleva-
tion. This acts as a four-inch-high dam.
As a consequence, the addition of
wastewater along the gated irrigation
pipe gives rise to a mound of water with
the high zone near and upstream of the

discharge pipe; in other words, there is
a backgradient “pond”. Depth at the
discharge is not greater, but depths are
greater at adjacent up and downstream
locations. There is a water flow back
into the backgradient pond, which
compensates for evaporative losses
there. But most water moves down-
gradient, in a gradually thinning sheet
flow. (see Figure 2)

The hydroperiod of the natural
wetland has been altered in the zone of
discharge: dryout no longer occurs
there, even under drought conditions.

Figure 2

Water moves at about
30-100 m/d with a depth
of about 20 cm.

. Pondin
Zone 9

—

—

—
100 meters
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WATER QUALITY

he phenomena interior to the

irrigation zone lead to gradients

in the concentrations of dissolved
constituents in the direction of water
flow. As the water passes through the
ecosystem, both biotic and abiotic
interactions occur which reduce the
concentration for many species, includ-
ing nitrogen, phosphorus and sulfur.
Surface water samples from the waste-
water irrigation area are collected and
analyzed throughout the year. The
changes in water chemistry as a function
of distance from the discharge point
are monitored by sampling along lines
perpendicular to the discharge pipe,
extending to distances up to 1000
meters. Such transects are made in

the former sedge-willow area, along
the central axis of the wetland.

The transect concentration profiles
are all similar. Water flow carries
materials a greater distance in the
downgradient (positive) direction than
in the upgradient direction. Through
the early years of operation, the zone
of concentration reduction increased
in size; background concentrations are
now reached at distances of about
500 meters downstream of the discharge.
The advance of nutrient concentration
fronts during the application of waste-
water is illustrated by tracking the
location of phosphorus drop-off.
Concentrations in excess of 1.0 mg/liter
were confined to within 440 meters
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of the discharge point in 1990. It
appears that nutrient removal processes
are stabilizing.

Nitrogen species include organic,
ammonium and nitrate/nitrite nitrogen.
The wetland micro-organisms convert
nitrate to nitrogen gas. Other bacteria
convert atmospheric nitrogen to ammo-
nium, which is in short supply; both for
the natural wetland and for the fertilized
zone. Large amounts are incorporated
in new soils and in extra biomass.

Because the irrigation zone is
imbedded in a natural wetland of
larger extent, care must be taken in the
definition of the size of the treatment
portion of this larger wetland. A zone

extending 300 meters upstream and 700 -

meters downstream, spanning the entire
1000 meter width of the wetland,
encompasses the treatment zone with
room to spare. Nutrient removal is
essentially complete within this zone;
some background concentrations will
always be present in outflows.

The reductions in dissolved nutrient
concentrations are not due to dilution,
as may be seen from the water budgets.
There are summers in which rainfall
exceeds evapotranspiration, but on
average there are evaporative losses,
which would lead to concentration
increases in the absence of wetland
interactions..

It is possible to elucidate the mech-
anisms by which water-borne substances
are removed in this freshwater wetland
ecosystem. There are three major cate-
gories of removal processes: biomass
increases, burial, and gasification. The
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production of increased biomass due to
nutrient stimulation is a long-term
temporary sink for assimilable
substances. Accretion of new organic

soils represents a more permanent
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sink for structural and sorbed compo-
nents. A few species, notably nitrogen,
carbon and sulfur compounds, may be
released to the atmosphere, and thus
are lost from the water and the wetland.
Mass balance models have been
constructed that adequately character-
ize these processes on both short and
long term bases.

Some substances in the wastewater
do not interact as strongly with the
wetland as do nutrients. Chloride,
calcium, magnesium, sodium and
potassium all display elevated values
in the discharge affected zone. Chlo-
ride, especially, moves freely through
the wetland to the outlet streams.

Oxygen levels in the pumped water
are good, approximately a 6 mg/l aver-
age. In the irrigation zone, levels are
typically 1-2 mg/l in surface waters. The
surrounding, unaffected wetland usually
has high DO, representing conditions
near saturation. The zone of depressed
oxygen increased in size as the affected
area increased, as indicated by the
advance of an oxygen front both
upgradient and downgradient. In
addition, the diurnal cycle appeared to
be suppressed in the irrigation zone.

Redox potentials indicate that
the sediments are anaerobic in the
irrigation area, even at quite shallow
depths. Steep gradients occur, leading
to sulfate and nitrate reduction zones,
and even to a methanogenesis zone,
only a few centimeters deep into the
sediments and litter.
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Phosphorous Pools in the Discharge Zone
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SOILS AND SEDIMENTS

astewater solids are relatively
WSmall in amount and deposit

near the discharge. Incoming
suspended solids average about 25 mg/l,
and the wetland functions at levels of
about 5-10 mg/l. But internal processes
in both natural and fertilized wetlands
produce large amounts of detrital
material, thus complicating the concept
of “suspended solids removal”.

Some fraction of each year’s plant
litter does not decompose, but becomes
new organic soil. It is joined by detritus
from algal and microbial populations.
Such organic sediments contain sig-
nificant amounts of structural compo-
nents, but in addition are good sorbents
for a number of dissolved constituents.
The accretion of soils and sediments
thus contributes to the effectiveness of
the wetland for water purification. The
. natural wetland accreted organic soils at
the rate of a two to three millimeters
per year, as determined from carbon-14
and cesium-137 radiotracer techniques.
The wastewater has stimulated this
process to produce a net of ten millime-
ters per year of new organics in the
discharge area. The maximum
accumulation rate is located a short
distance downflow from the discharge.

Sediment fall in the discharge area
totals several millimeters per year, and
this combines with wetland leaf litterfall
to produce a large amount of large and
small detritus. The majority of this
detritus decomposes each year, but
there is an undecomposable fraction.
The result of continued generation and
deposition of sediments, combined with
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the accumulation of the mineralized
"“fraction of leaf and stem litter, is the
_accretion of new organic soil.

- Part of the sediments are suspend-
ible, and are transported by the flowing
water. The rate of travel caused by
sequential suspension and sedimenta-
tion is much slower than the rate of
water flow; solids move only some tens
of meters per year.

Estimated mass balances for particu-
-late, transportable solids indicate the
large internal cycle superimposed on
net removal for the wetland.

After more than a decade, sediment and litter
accumulation total about 15 cm.
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Wetland Suspendible Solids
Annual Budget, 1.0 km Discharge Zone
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VEGETATION

any changes have occurred in
M the composition, abundance

and standing crops of the
wetland plants in the zone of nutrient
removal. There are two observable
manifestations of the wastewater addi-
tion: elevated nutrient concentrations
in the surface waters, and alterations of
the size, type and relative abundance of
the aboveground vegetation. Vegetative
changes occur in response to changes
in hydraulic regime (depth and duration
of inundation) and to changes in water
nutrient status. The treatment area is
taken to be the greater of these two
measurable areas for each year.

When a wetland becomes the
recipient of waters with higher nutrient
content than those it has been experien-
cing, there is a response of the vegeta-
tion, both in species composition and in
total biomass. The increased availability
of nutrients produces more vegetation
during the growing season, which in
turn means more litter during the
non-growing season. This litter requires
several years to decay, and hence the
total pool of living and dead material
grows slowly over several years to a new
and higher value. A significant quantity
of nitrogen and phosphorus and other
chemical constituents are thus retained,
as part of the living and dead tissues, in
the wetland. This response at the point
of discharge in the Houghton Lake
wetland has been slow and large. Below
ground biomass responded differently
from above ground biomass, however.
Original vegetation required greatly
reduced root biomass in the presence of

Above Ground Biomass, gm/m2

Fallen Dead Trees

. Cattail & Duckweed
Intrusion Zone

100 meters

Live and Dead Aboveground Biomass
Discharge Zone
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added nutrients; 1500 gm/m?2 versus
4000. However, the sedges initially
present were replaced by cattail, which
has a root biomass of 4000 gm/m?2.

Approximately 65 hectares of the
wetland have been affected in terms of
visual vegetative change. Some plant
species - leatherleaf and sedge—have
been nearly all lost in the discharge
area, presumably due to shading by
other species and the altered water
regime. Sedges in the discharge zone
went through a large increase followed
by a crash to extinction. Species compo-
sition within the discharge area is no
longer determined by earlier vegetative
patterns; cattail and duckweed have
totally taken over. Cattail has extended
its range out to about 600 meters along
the central water track.

The cattail cover type did not exist in
enough abundance (1.76% of the peat-
land area) to warrant study in pre-irriga-
tion years, but was present in many loca-
tions (17% of all test plots). The early
years of wastewater addition produced a
variable but increasing annual peak

30

standing crop of cattail. This change has
been completed in the irrigation area,
and there is no space for more plants,
nor can they grow any larger.

The willows and bog birch are
decreasing in numbers in the irrigation
area. The fraction standing dead is
low because the dead shrubs are
pulled down by the falling cattail.
Nonetheless, a high fraction of the
standing stems are now dead. Further,
the number of surviving clumps of
stems is decreasing.

The aspen community near the
pipeline completely succumbed in 1983.
A second aspen island, located 500
meters downgradient, had also totally
succumbed by 1984. The aspen on the
edges of the peatland have died in back-
gradient and side locations where the
shore slopes gradually. The alteration of
the water regime has caused tree death
along much of the wetland perimeter, in
a band up to 50 meters wide at a few
locations. Long-dead timber at these
locations indicates that similar events
may have occurred naturally in the past.
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PUBLIC USE

he project was not designed for

purposes of public use, but a set

of regular users has evolved. The
site serves several organizations as a
field classroom. Each year, the sixth
grade science classes from the
Houghton Lake School pay visits—and
ask the best questions. Ducks Unlimited
and the Michigan United Conservation
Clubs also schedule trips to the wetland.
The Michigan Department of Natural
Resources includes field trips to the
system as part of their annual training
course. And, Cefitral Michigan Univer-’
sity conducts a portion of its wetlands
course at the site.

Many visitors, some from as far as
New Zealand, come to inspect the treat-
ment facility to learn of its performance.

The authorized operating period is
set to allow deer hunting: the discharge
is stopped in September to permit the
wetland to “relax” from the influence of
pumping. The bow-and-arrow season in
October, and the rifle season in Novem-
ber, both find numerous hunters on and
near the wetlands. Those hunters
receive a questionnaire, which has
demonstrated nearly unanimous accep-
tance of the project. The only complaint
is that the boardwalk allows too easy
access to the wetlands.

Duck hunting and muskrat trapping
have occurred on an intermittent basis.
These activities are new to this wetland,
which was formerly too dry to support
waterfowl and muskrats.

C—094537
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ANIMALS

n addition to game species, coyotes,

bobcats and raccoons frequent the

wetland. Small mammals include a
variety of mice, voles and shrews. The
relative numbers have shifted with time
in the discharge area; generally there
are now fewer and different small
mammals. The number of muskrats has
increased greatly in the irrigation zone.

Bird populations have also changed.
The undisturbed wetland (1973)
contained 17 species, dominated by
swamp sparrows, marsh wrens and
yellowthroats. In 1991, the irrigation
zone had 19 species, dominated by tree
swallows, red wing blackbirds and
swamp sparrows.

Insect species and numbers fluctuate
from year to year, with no discernible.
pattern. In some years there are fewer
mosquitoes near the discharge; in other
years they are more numerous there.
There are typically more midges in the
discharge zone, and fewer mayflies,
caddisflies and dragonflies.
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PERMITS

he project operates under two

permits: an NPDES permit for

the surface water discharge, and
a special use permit for the wetlands.

The Michigan Water Resources
Commission issues the NPDES permit
in compliance with the Federal Water
Pollution Control Act. Both the irriga-
tion fields and the wetlands are permit-
ted. The wetlands part of the permit
establishes three classes of sampling
locations: the effluent from the storage
or dechlorination ponds, a row of
sampling stations approximately 800
meters downgradient from the discharge
pipeline in the wetland (Figure 1), and
steamflows exiting the wetland. Lagoon
discharges are monitored weekly;
interior points and stream outflows are
measured monthly. Each location has
its own parameter list (Table 3). The
interior wetland stations are the early
warning line. Background water quality
was established in pre-project research.
Target values are set which are the basis
for assessing the water quality impacts
at the interior stations.

The special use permit is issued by
the Wildlife Division of the Michigan
Department of Natural Resources.
Under this permit, the Roscommon
County Department of Public Works is
granted permission to maintain a water
transporting pipe across State-owned
lands, maintain a wooden walkway on
the peatlands to support a water distri-
bution pipe, and to distribute secondar-
ily treated effluent onto the peatlands.

- Under the terms of this permit, if
circumstances arise that are detrimental
to plant and animal life, the project

e

comes under immediate review. Detri-
mental circumstances include detection
of toxic materials, excessive levels of
pathogenic organisms and excessive
water depths. There has not been such
an occurrence. This permit also requires
monitoring of plant and animal popula-
tions, hydrology and water quality.
Water samples were collected for
analysis at the points of input and
output from the wetland for purposes

of compliance
monitoring. ol
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Operator Opinions

Mr. Brett Yardley, operator of the facility,
believes “It is a great system. It has low

»

maintenance, and is good for the community”.

Importantly, he feels that the regulators
(Michigan DNR) are “on my side”. The
comments he.receives are all positive.

| Awérds

Clean Waters Award ............... 1974, 1985
Michigan Outdoor Writers Association
Awardof Merit ......................coes 1977

Michigan Consulting Engineers Council

Award for Engineering Excellence....... 1977
American Consulting Engineers Council

State of Michigan

Sesquicentennial Award.................. 1987
Michigan Society of Professional
Engineers
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People

The treatment facility is operated by:

Mr. Brett Yardley

Houghton Lake Sewer Authority
P.O.Box 8 '
1250 S. Harrison Road
Houghton Lake, MI 48629

Wildlife and land use considerations are coordinated by:

Mr. Rich Earle

Research/Surveys Section Head
Houghton Lake Wildlife Research Station
Box 158

Houghton Lake Heights, MI 48630

Research is conducted and archived by: Dr. Robert H. Kadlec

Wetland Ecosystem Research Group
Department of Chemical Engineering
Dow Building

The University of Michigan

Ann Arbor, MI 48109-2136

Literature

Several thousand pages of documentation exist for this
project. The principal categories of documents are:

v’ Annual reports. Each operating year: compliance monitoring
results; research results for vegetation, hydrology, internal
water chemistry; and research results for all types of animals,
insects, and invertebrates. ~

v’ Research reports. Background studies and pilot system
performance are contained in several reports and
monographs.

v’ Technical papers. Forty published papers appear in a wide
variety of literature sources, and involve many authors.

v Dissertations. Fourteen MS and PhD theses have originated
from the project.
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THE HISTORY OF
THE PROJECT

ucks, geese, elk? These are not
usual inhabitants of a wastewater
treatment system. But in Cannon
Beach, Oregon, particularly in the
fifteen acres of the wooded wetlands
cells of the system, they are a common
sight. How did this come to pass?

Let’s look a little closer. The City of
Cannon Beach had a problem—how
to treat and dispose of its wastewater.
With much citizen involvement, a cost-
effective ecologically-interactive waste-
water treatment facility was created.
This Environmental Protection Agency
(EPA) funded “Innovative/Alternative”
treatment system uses an existing
wooded wetland to provide the final
stage of the treatment process.

Here’s the story. The three-celled
sewer lagoon complex in existence at
the time of the passage of the Clean
Water Act of 1972 could not meet the
more stringent effluent quality stand-
ards set by the Oregon Department
of Environmental Quality (DEQ).

In response to this situation, the City
began a Facilities Plan. The completed
plan recommended options for system
upgrading which met with considerable
community opposition. ‘

At this point in 1977, a Sewer -
Advisory Board was formed. The City
of Cannon Beach is a resort community
and during the tourist season the popu-
lation swells from a permanent size
of 1,200 to many times that number.
Any design considered by the Sewer
Advisory Board would have to be able
to accommodate these large fluctuations
in wastewater flows.
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Confrontation led to a City commit-
ment to pursue a biological solution
instead of more high-tech treatment
units to upgrade the treatment system.
The bureaucratic struggle that ensued
lasted eight years and the remarkable
result of these meetings was the consol-
idation of a set of ideas which emerged
as yet another facility plan addendum.
The issues deliberated included: the use
and integrity of the wetlands, elk habitat,
chlorination, point of discharge, birdlife,
the extent of ecological upset, berming
and baffling, fencing costs, and the risks
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Confrontation led to a City
commitment to pursue a
biological solution instead of
more high-tech treatment units
to upgrade the treatment system.

Effluent structures during
winter flooding (when wetlands
are typically not operated).
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Typical vegetation in the
majority of the wetlands
(brush, sedges, and ferns).

of using new treatment techniques.
It is a tribute to the professionals
representing the various agencies
involved in these meetings that, in spite
of diverse and sometimes disparate
responsibilities and divergent goals,
negotiations took place in a spirit of
cooperation and compromise sufficient
to allow development of an approvable
treatment scheme.

This scheme, the wetlands marsh
wastewater treatment system, appeared

in draft Facilities Plan Addendum No. 2
in October, 1981 and became final in
March, 1982. The Plan subsequently
was adopted by the City Council and
approved by all the appropriate agencies
through the State Clearinghouse review
process. Shortly thereafter, a grant
application was completed and submit-
ted to the DEQ and EPA and approval
of funding for the project was granted
in September, 1982.
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DESIGN

ow does the treatment facility

work? Contrary to popular

belief, raw sewage, or waste-
water as engineers prefer to call it, is
over 99% pure water. About half of it
comes from toilets and most of the rest
is from kitchen sinks, showers, bathtubs,
and washing machines. The Cannon
Beach treatment system consists of a
four-celled lagoon complex followed by
two wooded wetland cells which serve
as a natural effluent polishing system.

The objective of the wetland treat-
ment is to meet water quality require-
ments with minimal disturbance to the
existing wildlife habitat. Dikes, contain-
ing water control structures, formed the
wetland cells, constituting the only
physic